f) . 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

ImematiojjaJ Bureau 

(43) International Publication Date 
21 March 2002 (21.03.2002) 




PCT 



(10) International Publication Number 

WO 02/22241 Al 



(51) International Patent Classification 7 : B01D 53/94 
B01J 23/58 

(21) International Application Number: PCT/GBO 1/04 160 

(22) International Filing Date: 

17 September 2001 (17.09.200!) 



(25) ' Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
0022786.8 



16 September 2000 (16.09.2000) GB 



(71) Applicant (for all designated States except US): JOHN- 
SON MATTHEY PUBLIC LIMITED COMPANY 

. f GB/GBJ ; 2-4 Cockspur Street, Trafalgar Square, London 
! SWI5BQ(GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for OS only): RAJARAM, Raj, 
Rao [MY/GB]; 34 Buctdand Avenue, Slough SL3 7PH 
(GB). POULSTON, Stephen [GB/GB]; 4 Hatherley Road 
Reading RG1 5QA (GB). 



(74) Agent: NUNN, Andrew, Dominic; Johnson Matthey 
Technology Centre, Blounts Court, Sonning Common, 
Reading RG4 9NH (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG. BR, BY. BZ, CA, CH, CN t CR. CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM HR 
HU. ED, IL, IN, IS, JP, KE, KG, KR KR, KZ, LC, LK, LR,' 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM 
KB, LS, MW, MZ. SD. SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BP, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD 
TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: NOX-TRAP 

O { ^J^f^. A mm t™*™ compri^ (a) at least one firm NO* storage component comprising at least one alkali 

metal supported on at least one first support material; and (b) a platinum oxidation catalyst and at least Vne sLna^fO^to^e 



WO 02/22241 



1 

NOi-TRAP 



PCT/GB01/04160 



The present invention relates to a NOx-trap composition. 

Manufacturers are increasingly interested in engines which operate under lean- 
nmning conditions to power their vehicles. One reason for this is because lean-burn 
engines produce less CQ2. This is advantageous because future emission legislation aims 
• to reduce CO2, but the consumer also benefits from the increased fuel economy. Using 
engine management techniques and/or employing one or more catalytic converter in a 
vehicle's exhaust system can control the gaseous composition of the exhaust so that the 
vehicle meets the relevant emission legislation. 

One form of lean-burn engine is a gasoline direct injection engine, which is 
designed to operate under stoichiometric and lean conditions. When running lean, 
relatively low levels of NOx are formed that cannot be reduced (removed) in the 
presence of the relatively high levels of oxygen in the exhaust gas. Reducing species, e.g. 
unburnt hydrocarbons, can reduce NOx to N2 during stoichiometric- or rich-running 
conditions, as comparatively less oxygen is present than during lean-running conditions. 
In order to control NOx in lean-burn engines, there has been devised a NOx 
absorber/catalyst which can store NOx, e.g. as nitrate, when an engine is running lean. In 
a stoichiometric or rich environment, the nitrate is understood to be thermodynamically 
unstable, and the stored NOx is released and is reduced by the reducing species present 
in the exhaust gas. This NOx absorber/catalyst is commonly called a NOx-trap. By 
periodically controlling the engine to run stoichiometrically or rich, stored NOx is 
reduced and the NOx-trap regenerated. 

A typical NOx-trap formulation includes a catalytic oxidation component, such as 
platinum, a NOx-storage component, such as barium, and a reduction catalyst e.g. 
rhodium. One mechanism commonly given for NOx-storage during lean engine 
operation for this formulation is: (i) NO + I/2O2 NQ2; and (ii) BaO + NO2 + I/2O2 -» 
Ba(NQ3>2. In the first step, the nitric oxide reacts with oxygen on active oxidation sites 
on the platinum to form NO2. The second step involves adsorption of the NQ2 by the 
storage material in the form of an inorganic nitrate. 

When the engine runs under rich conditions or at elevated temperatures, the 
nitrate species become thermodynamically unstable and decompose, producing NO or 

CONFIRMATION COPY 
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NO2 according to equation (iii) below. Under rich conditions, these nitrogen oxides are 
subsequently reduced by carbon monoxide, hydrogen and hydrocarbons to N2, which can 
take place over the reduction catalyst, (iii) Ba(N0 3 )2 -» BaO + 2NO + 3/20 2 or 
Ba(N0 3 )2 -> BaO + 2N0 2 + I/2O2; and (iv) NO + CO -> 1/2N 2 + C0 2 (and other 
5 reactions). In the reactions of (iX* v ) above the reactive barium species is given as the 
oxide. However, it is understood that in the presence of air most of the barium is in the 1 
form of the carbonate or possibly the hydroxide. The above reaction schemes can be 
adapted accordingly for species of barium other than the oxide. 

10 NOx-trap compositions including potassium and manganese are known. It has 

also been suggested that potassium and strontium can poison the ability of platinum to 
oxidise nitrogen oxide to nitrogen dioxide in exhaust gases from a lean-running engine. 
In order to avoid this problem it has been suggested that alkali metals and alkaline-earth 
metals be carried on a first porous support and the platinum be carried on a second 

15 porous support. 

Alkaline-earth metals, such as barium, can be considered as relatively low 
temperature NOx storage components. This is because the barium nitrate storage form is 
thermally unstable above about 350°C in exhaust gases of about lambda = 1. We 
20 consider alkali metals, e.g. potassium or caesium, to be relatively high temperature NOx 
storage components because the thermal stability of the nitrate storage forms of these 
components extends to about 550°C in exhaust gases of about lambda = 1 . 

An exhaust gas composition of about lambda = 1 has no net oxidising or reducing 
25 potential because the concentration of oxidants and reductants present are substantially in 
balance. Such an exhaust gas can be produced in an engine, e,g. a gasoline engine, run at 
an air-to- fuel ratio of approximately 14.7:1, wherein the exhaust system includes no 
exhaust gas recirculation or post-combustion injection of air or hydrocarbon. 

30 We have found that alkali metals can poison the ability of platinum-based 

catalysts to oxidise hydrocarbon (HC) in the exhaust gas, whereas for optimal low- 
temperature NOx storage efficiency, the alkaline-earth metal should be intimately 
associated with the platinum oxidation catalyst We have now found a way of using both 
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high- and low-temperature NOx storage components in a NOx-trap composition whilst 
substantially maintaining platinum HC conversion activity. 

According to one aspect, the invention provides A NOx-trap composition 
5 comprising: 

(a) at least one first NOx storage component comprising at least one alkali 
metal supported on at least one first support material; and 

(b) a platinum oxidation catalyst and at least one second NOx storage 
component not being an alkali metal supported on at least one second support material, 

10 whereby the platinum oxidation catalyst and the at least one alkali metal are 

segregated thereby substantially mamtaining the hydrocarbon conversion activity of the 
platinum oxidation catalyst. 

"Segregated" herein is defined as "prevented, as far as possible, from chemically 
15 interacting with." By "substantially mamtaining" herein, we mean "retains at least 60% 
activity of the fresh catalyst" and in exemplary embodiments "retains at least 70% 
activity of the fresh catalyst", "retains at least 80% activity of the fresh catalyst" and 
"retains at least 90% activity of the fresh catalyst " 

20 In an exemplary embodiment, the second support material consists of the at least 

one NOx storage component. 

In an exemplary embodiment, the at least one first NOx storage component is 
associated with at least one base metal oxidation catalyst. The at least one base metal 
25 oxidation catalyst can comprise manganese, chromium, cobalt or iron, or mixtures of any 
two or more thereof. In an exemplary embodiment the at least one base metal oxidation 
catalyst is manganese. 

Whilst the invention has application in general to lean-bum internal combustion 
30 engines, particularly gasoline engines such as gasoline direct injection engines, it can 
also be used in connection with other lean-burn engines including diesel engines. 



Apart from the improved temperature window for maximal NOx storage 
efficiency over known compositions, we understand (hat for the equivalent level of low 
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temperature NOx storage efficiency, the composition of the invention utilises less PGM 
than a known composition including platinum and barium. Furthermore, because HC 
oxidation activity of the PGM is not compromised, it is unnecessary to include further 
expensive catalysts in an exhaust system to treat HC in order to meet present and future 
5 emission legislation. 

The segregation feature can be accomplished in a number of ways. In one 
exemplary embodiment, the at least one first support material is in a separate layer above 
the at least one second support material. In a further exemplary embodiment, the at least 
10 one first support material is in a separate layer below the at least one second support 
material. It is possible that during high-temperature ageing, migration of alkali metal can 
occur, for example into the pores of a cordierite monolith. By disposing the at least one 
first support material and the at least one second support material in different layers from 
one another, there is less likelihood of undesirable interactions occurring. 

15 

In a further exemplary embodiment, the at least one first support material and the 
associated at least one base metal oxidation catalyst are in a separate layer above the at 
least one second support material. In a further exemplary embodiment, the at least one 
first support material and the associated at least one base metal oxidation catalyst are in a 
20 separate layer below the at least one second support material. A further explanation of 
how to segregate components in a catalytic converter composition can be found in our 
WO 98/03251. 

In a further exemplary embodiment, the at least one second support material is 
25 arranged in an exhaust system so that it is upstream of the at least one first support In a 
further exemplary embodiment, the at least one second support material is arranged in an 
exhaust system so that it is downstream of the at least one first support material. This can 
be accomplished by coating each part of the composition on separate substrates or as 
distinct zones on the same substrate (or "single brick"). ^ a furtner exemplary 
30 embodiment the at least one second support material is arranged in an exhaust system so 
that it is upstream of the at least one first support material and associated at least one 
base metal oxidation catalyst. In a further exemplary embodiment, the at least one second 
support material is arranged in an exhaust system so that it is downstream of the at least 
one first support material and associated at least one base metal oxidation catalyst 
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III a further exemplary embodiment, the at least one base metal oxidation catalyst 
is supported on the at least one first support material; The close association of the NOx 
storage component and the oxidation catalyst provides a higher NOx-storage efficiency. 

5 

The NOx-storage components and the base metal oxidation catalysts of the 
present invention are usually present in the form of oxides, but it is known that in the 
presence of air these materials can also be present in the form of carbonates and 
hydroxides. Where there are mixtures of two or more NOx storage components or base 
10 metal oxidation catalysts present, each mixture can also be present as a mixed oxide. 

In an exemplary embodiment, the at least one alkali metal is at least one of 
potassium and caesium, 

1 5 The at least one second NOx storage component can include at least one alkaline- 

earth metal and at least one rare earth. The at least one alkaline-earth metal NOx storage 
component can be barium, calcium, strontium or magnesium or a mixture of any two or 
more thereof. In an exemplary embodiment, the at least one second NOx storage 
component is barium. The at least one rare earth can be lanthanum, yttrium, cerium 

20 praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, 
dysprosium, holmium, erbium, thulium, ytterbium or lutetium or a mixture of any two or 
more thereof. 

The NOx-trap composition according to the invention can further comprise a 
25 catalyst capable of reducing NOx in an exhaust gas. In an exemplary embodiment, the 
NOx reduction catalyst is rhodium. 

In an exemplary embodiment, the NOx-trap composition comprises at least one 
first support material comprising caesium and at least one third support material 
30 comprising rhodium which at least one first support material and at least one third 
support material are in a layer over a layer including at least one second support material 
supporting platinum and barium. 
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la a further exemplary embodiment, the NOx-trap composition comprises at least 
one fust support material comprising caesium and at least one third support material 
comprising rhodium which at least one first support material and at least one third 
support material are in a layer under a layer including at least one second support 
5 material supporting platinum and barium. 

In a further exemplary embodiment, the NOx-trap composition comprises at least 
one first support material comprising caesium and manganese and at least one third 
support material comprising rhodium which at least one first support material and at least 
10 one third support material are in a layer over a layer including at least one second 
support material supporting platinum and barium. 

In an exemplary embodiment, the NOx-trap composition comprises at least one 
first support material comprising caesium and manganese and at least one third support 
15 material comprising rhodium which at least one first support material and at least one 
third support material are in a layer under a layer including at least one second support 
material supporting platinum and barium. 

In a further exemplary embodiment, the NOx-trap composition comprises at least 
20 one first support material comprising potassium and at least one third support material 
comprising rhodium which at least one first support material and at least one third 
support material are in a layer over a layer including at least one second support material 
supporting platinum and barium. 

25 In a further exemplary embodiment, the NOx-trap composition comprises at least 

one first support material comprising potassium and at least one third support material 
comprising rhodium which at least one first support material and at least one third 
support material are in a layer under a layer including at least one second support 
material supporting platinum and barium. 

30 

In a further exemplary embodiment, the NOx-trap composition comprises at least 
one first support material comprising potassium and manganese and at least one third 
support material comprising rhodium which at least one first support material and at least 
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one third support material are in a layer over a layer including at least one second 
support material supporting platinum and barium. 

In a further exemplary embodiment, the NOx-trap composition comprises at least 
one first support material comprising potassium and manganese and at least one third 
support material comprising rhodium which at least one first support material and at least 
one third support material are in a layer under a layer including at least one second 
support material supporting platinum and barium. 

10 The at least one first support material, the at least one second support material 

and the at least one third support material can be alumina, ceria, zirconia or titania or a 
mixed oxide of any two or more thereof or a mixture of any two or more of any of the 
preceding oxides,, optionally stabilised or "doped" with lanthanum, yttrium, cerium 
praseodymium, neodymium, prometmum, samarium, europium, gadolinium, terbium, 

15 dysprosium, holmium, erbium, thulium, ytterbium or lutetium. Of course, the at least one 
first support material and the at least one second support material and the at least one 
third support material can each be the same or different and when different can each be 
chosen from the list of above supports. 

20 According to a further aspect, the invention provides a metal or ceramic substrate 

coated with a NOx-trap composition according to the invention. Where the substrate is a 
ceramic substrate, it is cordierite, miulite, alumina, silicon carbide, zirconia or 
sodium/zirconia/phosphate. In an exemplary embodiment, the ceramic substrate is 
cordierite. 



25 



The substrate can have any arrangement commonly used in the art, such as a 
honeycomb flow-through monolith. However, foam or bead forms of a substrate can be 
used in the alternative. 

30 According to a further aspect, the invention provides an exhaust system for a 

lean-burn internal combustion engine including a NOx-trap composition according to the 
invention or a substrate coated with the composition according to the invention. By 
"lean-burn engine" herein, we mean an engine which is controlled so that during at least 
part of its normal operation it runs on a lean of stoichiometric air-to-fuel ratio, i.e. where 
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X>1. Lean-bum engines as defined herein include partial lean-burn gasoline engines 
using a variety of injectors including those with air assisted direct injection and high- 
pressure direct injection, diesel engines or engines which run on alternative fuels such as 
compressed natural gas or liquid petroleum gas. 

5 

In an exemplary embodiment, the exhaust system comprises a first substrate 
coated with the at least one first support material and a second substrate coated with the 
at least one second support material, the first substrate being positioned either upstream 
or downstream of the second substrate. 

10 

In a further exemplary embodiment, the exhaust system of the invention further 
comprises means for controlling the redox composition of the exhaust gas. 

In an exemplary embodiment, the means for controlling the redox composition of 
15 the exhaust gas comprises at least one of: means for injecting the hydrocarbon into the 
exhaust gas; means for adjusting the ignition timing of at least one engine cylinder; and 
means for adjusting the engine air-to-fuel ratio. 

In a further exemplary embodiment, the control means of the exhaust system 
20 comprises an electronic control unit (ECU). The ECU can comprise a pre-programmed 
micro-processor, for example. 

In a further aspect the invention provides a vehicle including a lean-bum engine 
and an exhaust system according to the invention. In an exemplary embodiment, the 
25 engine is a lean-burn gasoline engine- In a further exemplary embodiment, the engine is 
a gasoline direct injection (GDI) engine. 

According to another aspect, the invention provides the use of a composition 
according to the invention or of a substrate coated with a NOx-trap composition 
30 according to the invention to absorb NOx from exhaust gases of a lean-burn engine 
during lean-running conditions. 

According to another aspect, the invention provides the use of a NOx-trap 
composition according to the invention or of a substrate according to the invention for 
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oxidising hydrocarbon in a lean-burn engine exhaust gas during lean-running or 
stoichiometric-running conditions. 

According to another aspect of the invention, there is provided a method of 
making a NOx-trap composition, which composition comprising at least one NOx 
storage component including at least one alkali metal and a at least one second support 
material comprising a platinum oxidation catalyst and at least one NOx storage 
component not being an alkali metal, which method includes segregating the alkali metal 
and the platinum oxidation catalyst. 

Methods of making a NOx-trap composition for use in the exhaust systems are 
well known and will not be explained in detail here. The support materials of the NOx- 
trap composition can be obtained using solid/solid reaction of the oxides or any other 
precursor such as carbonates. They may also be prepared by a wet route, i.e. by 
precipitation with a base of the salts of the support material components, then calcining. 
NOx storage components to be supported on a support material can be impregnated onto 
the support material utilising the incipient wetness technique and rafcining A preferred 
means of preparing a co-supported potassium and manganese component is to 
impregnate a suitable support with potassium permanganate. 

In order that the invention may be more fully understood, the following Examples 
are provided by way of illustration only and with reference to the accompanying 
drawings in which: 

Figure 1 shows a graph demonstrating the propene light-off activity as 
represented by the % conversion of propene in a synthetic gas mixture against 
temperature for two single layered NOx-trap compositions; and 

Figure 2 shows a graph demonstrating the propene light-off activity as 
represented by the % conversion of propene in a synthetic gas mixture against 
temperature for a single and a double-layered catalyst 



Example 1 
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The propene, i.e. hydrocarbon, light-off activity as represented by the % 
conversion of propene for two NOx-trap compositions including as active components a 
physical mixture of: 2wt%platmuirV10wt%bariurr^l0wt%caesium; and 
2wt%platinum/2wt%barium (both calcined in air at 500°C for 2 hours) respectively was 
5 investigated on a synthetic gas unit over a range of temperatures. Hie active components 
were supported on a mixture of a mixed oxide of ceria-zirconia and alumina. The 
composition of the synthetic gas mixture before contacting the catalyst was 400ppm 
propene, 500ppm NO, 7.5% O2, 0,5 % CO, 15% CO2, 4.5% H 2 0. A mass spectrometer 
was used to determine and quantify the composition of the gas exiting the catalyst. The 
10 % conversion of propene recorded at each temperature for each composition is shown in 
Figure 1. 

It can be seen from Figure 1 that the propene light-off activity of the composition 
including caesium is markedly lower than the composition without caesium. This 
15 illustrates the poisoning of platinum's HC oxidation activity if it is closely associated 
with high temperature NOx storage components such as caesium. 

It will also be seen that there is the barium does not poison the HC oxidation 
activity of the platinum. 



20 



Example 2 



The experimental procedure of Example 1 was repeated with two further NOx- 
trap compositions. The first is a physical mixture of 2wt%platkimi/10wr%barium on one 

25 support material and 1 0wt%potassium/l 0wt%manganese on a second support material; 
and the second comprises the same components but the platinum/barium component is in 
a separate layer below the manganese/potassium component In the layered catalyst, each 
component was prepared separately by cdcining in air at 500°C for 2 hours, then 
calcined in air at 800°C for a further 2 hours. In the single layer embodiment, the 

30 physical mixture was calcined at 500°C and then 800°C for the period indicated. The % 
conversion of propene recorded at each temperature for each composition is shown in 
Figure 2, 



WO 02/22241 PCT/GB01/04160 

11 

As can be seen, even when the at least one alkali metal component and the 
platinum oxidation catalyst component are supported on separate support materials, 
following high temperature ageing, the HC conversion activity of the platinum is 
compromised to sub-optimal performance. However, by physically segregating these 
5 components, the HC conversion activity of the platinum oxidation catalyst is 
substantially maintained. 
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CLAIMS: 



1 . A NOx-trap composition comprising: 

(c) at least one first NOx storage component comprising at least one alkali metal 
5 supported on at least one first support material; and 

(d) a platinum oxidation catalyst and at least one second NOx storage component not 
being an alkali metal supported on at least one second support material, 

whereby the platinum oxidation catalyst and the at least one alkali metal are 
physically segregated thereby substantially mamtaining the hydrocarbon conversion 
10 activity of the platinum oxidation catalyst 

2. A NOx-trap composition according to claim 1, wherein the at least one first NOx 
storage component is associated with at least one base metal oxidation catalyst 

15 3. A NOx-trap composition according to claim 2, wherein the at least one base metal 
oxidation catalyst comprises manganese, chromium, cobalt or iron, or mixtures of 
any two or more thereof. 

4. A NOx-trap composition according to claim 2 or 3, wherein the at least one base 
20 metal oxidation catalyst is supported on the first support material, 

5. A NOx-trap composition according to any of claims 1 to 4, wherein the at least one 
second support material consists of the at least one second NOx storage component. 

25 6. A NOx-trap composition according to any preceding claim, wherein the at least one 
alkali metal is at least one of potassium and caesium. 

7. A NOx-trap composition according to any preceding claim, wherein the at least one 
second NOx storage component comprises at least one alkaline-earth metal or at 
30 least one rare earth or a mixture of any two or more thereof. 
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8. A NOx-trap composition according to claim 7, wherein the at least one alkaline-earth 
metal NOx storage component is barium, calcium, strontium or magnesium or a 
mixture of any two or more thereof. 

9. A NOx-trap composition according to claim 7, wherein the at least one rare earth 
NOx storage component is lanthanum, yttrium, cerium praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, 
erbium, thulium, ytterbium or lutetium or a mixture of any two or more thereof. 

10. A NOx-trap composition according to any preceding claim, further comprising a 
catalyst capable of reducing NOx. 

1 1. A NOx-trap composition according to claim 10, wherein the NOx reduction catalyst 
comprises rhodium. 

12. A NOx-trap composition according to any preceding claim, wherein the at least one 
first and the at least one second support and, where present, the at least one third 
support material comprises alumina, ceria, zirconia or titania or a mixed oxide of any 
two or more thereof, or a mixture of any two or more of any of the preceding oxides. 

13. A NOx-trap composition according to claim 12, wherein the oxide supports are 
stabilised with lanthanum, yttrium, cerium praseodymium, neodymium, promethium, 
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, 
ytterbium or lutetium or a mixture of any two or more thereof. 

14. A metal or ceramic substrate coated with a NOx-trap composition according to any 
preceding claim. 

15. A substrate according to claim 14, wherein the ceramic substrate is cordierite, 
muliite, alumina, silicon carbide, zirconia or sodium/zirconia/phosphate. 

16. A substrate according to claim 14 or 15 which is a honeycomb flow-through 
monolith. 
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17. A substrate according to claim 14, 15 or 16, comprising first and second zones the 
first zone comprising the at least one first NOx storage component according to any 
of claims 1 to 13 and the second zone comprising the platinum oxidation catalyst 
according to any of claims 1 to 13. 

18. A shell or can including a substrate according to any of claims 14 to 17. 

19. A shell or can comprising first and second substrates, the first substrate comprising 
the at least one first NOx storage component according to any of claims 1 to 13 and 
the platinum oxidation catalyst according to any of claims 1 to 13, 

20. An exhaust system for a lean-burn engine including a NOx-trap composition 
according to any of claims 1 to 13 or a substrate according to any of claims 14 to 17, 

21. An exhaust system according to claim 19, comprising a first substrate coated with 
the at least one first support material according to any of claims 1 to 13 and a second 
substrate coated with the at least one second support material according to any of 
claims 1 to 13, the first substrate being positioned either upstream or downstream 
from the second substrate. 

22. An exhaust system according to claim 20 or 21, further comprising means for 
controlling the redox composition of the exhaust gas. 

23. An exhaust system according to claim 22, wherein the means for controlling the 
redox composition of the exhaust gas comprises at least one of: means for injecting 
the hydrocarbon into the exhaust gas; means for adjusting the ignition timing of at 
least one engine cylinder; and means for adjusting the engine air-to-fuel ratio. 

24. An exhaust system according to claim 22 or 23, wherein the control means 
comprises an electronic control unit. 

25. A vehicle comprising a lean-burn engine and an exhaust system according to any of 
claims 20 to 24. 
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26. A vehicle according to claim 25, wherein the engine is a gasoline engine. 

27. A vehicle according to claim 26, wherein the engine is a gasoline direct injection 
engine. 

5 

28. A method of making a NOx-trap composition, which composition comprising at 
least one NOx storage component including at least one alkali metal associated with 
at least one base metal oxidation catalyst and at least one PGM associated with at 
least one NOx storage component, which method includes segregating the alkali 

10 metal from the platinum oxidation catalyst 

29. The use of a NOx-trap composition according to any of claims 1 to 13 or of a 
substrate according to any of claims 14 to 17 for absorbing NOx from a lean-burn 
engine exhaust gas during lean-running or stoicMometric-running conditions. 

15 

30. The use of a NOx-trap composition according to any of claims 1 to 13 or of a 
substrate according to any of claims 14 to 17 for oxidising hydrocarbon in a lean- 
burn engine exhaust gas during lean-running conditions. 

20 31. A cordierite honeycomb flow-through monolith including a NOx-trap composition 
comprising at least one first support material comprising caesium and mang a ne se 
and at least one third support material comprising rhodium which at least one first 
support material and at least one third support material are in a layer over a layer 
including at least one second support material supporting platinum and barium. 
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